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PLATE  2I. 
Our  knowledge  of  normal  kidney  function has  been  gained  in 
large measure from a  study of the elimination of both normal and 
abnormal  urinary  constituents  in  experimentally produced  nephri- 
tis.  Experimental nephritides have also been responsible  for many 
of the present conceptions concerning spontaneous nephritis in man. 
The  pathological  states  hitherto  subjected  to  observation  have 
been evoked usually by the injection of one of a short list of poisons, 
as  cantharidin,  potassium  dichromate,  uranium  nitrate,  sodium 
arsenate, etc.  A  survey of the literature will demonstrate, however, 
that none of these poisons acts specifically upon either the vascular 
or tubular mechanism of the kidney.  Both parts are more or less 
involved, although one may be affected much more than the other. 
To  quote  from  one  of  the  recent  additions  1  to  the  literature  of 
experimental  nephritis,  "Cantharidin,  potassium  dichromate,  ura- 
nium nitrate, and sodium arsenate produce in the dog an acute ne- 
phritis in which both the vascular and the epithelial elements of the 
kidney are involved."  From a perusal of the literature of the sub- 
ject  under  discussion  one  gains  the  impression  that  the  vascular 
mechanism is much more easily thrown out of adjustment than is 
the epithelial apparatus.  Expressed  differently, it  is  probable  that 
in most  instances of experimental nephritis  the tubular epithelium 
is  usually  involved  at  a  later  period  than  the  glomeruli  and  that 
when  a  tubular  nephritis  has  been  induced  the  glomerule  is  also 
injured to a  greater or less  extent. 
* Received for publication, Apri! 21,  I9i 3. 
1 MacNider, W. de B., Jour. Med. Research, I912, xxi, 79. 
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In other communications  2 we have called attention to the obser- 
vation that tartrates,  subcutaneously introduced,  especially to  fast- 
ing  rabbits,  produce an almost specific action upon the convoluted 
tubules, leaving the vascular mechanism practically unharmed.  An 
animal treated in  this  way presents an excellent opportunity  for a 
study of the secretory power of the kidney in well marked tubular 
nephritis,  and  the  results  obtained  should,  by a  process  of  exclu- 
sion, yield at least a partial interpretation of the normal mechanism 
of renal secretion. 
The investigation which is  here presented was planned to  deter- 
mine the mode of elimination of a  mixture of sodium chloride and 
urea dissolved  in water, introduced intravenously into  fasting rab- 
bits with tubular, nephritis  induced by tartrates.  It is obvious that 
by  the  method  adopted  different  degrees  of  nephritis  would  be 
produced and that the extent of renal secretion should be a measure 
of the damage done to the kidney.  To demonstrate further the cor- 
relation between kidney injury and secretory power, sections of the 
organs under discussion were studied histologically.  Furthermore, 
since the experimental condition  of  fasting might play a  part,  we 
have determined in some of the experiments the secretory power of 
the kidney of the fasting rabbit without tartrate injection. 
METHODS. 
In  the  observations  here  recorded  a  crystalline  preparation  of 
the racemic form of tartaric  acid  was used  for the production  of 
nephritis  in  rabbits.  The  acid  was  subcutaneously introduced  in 
the form of the practically neutral sodium salt.  Kahlbaum's prepa- 
rations  of sodium chloride  (pro analyse)  and urea were dissolved 
in  distilled  water,  the  sodium  chloride being present to  the extent 
of 0. 9  per cent., and enough urea being added to make an approxi- 
mately 2. 3  per  cent.  solution.  Of  this  mixed solution  fifty cubic 
centimeters were slowly injected into the marginal ear vein and the 
chloride  and  total  nitrogen  output  of  the  urine  were  estimated. 
Urine  was  obtained  in  twenty-four hour  periods  by  emptying the 
Madder by pressure on the abdominal wall.  The kidneys were pre- 
served in Zenker's and Orth's solutions and in 5 per cent.  formalin. 
2 UnderhiU, F.  P., dour. Biol.  Chem.,  1912, xii,  115.  Underhill, F.  P.,  Wells, 
H.  G., and Goldschmidt, S., Jour. Exper. Med.,  1913, xviii, 317, 322. F. P. UnderhiU, H.  G.  Wells,  and Samuel  Goldschmidt.  349 
In the tables presented below are given examples of the types of 
excretory  response  to  intravenously injected  sodium chloride and 
urea, first during a period of fasting alone, and secondly, after the 
induction of varying degrees of injury to the renal  epithelium by 
the  subcutaneous administration of  sodium tartrate. 
From an inspection of the data in table I  it is evident that urea 
introduced into the blood of the  fasting animal is promptly elimi- 
nated.  On the other hand, sodium chloride may be excreted in the 
urine to the extent of only one quarter of the quantity injected, the 
remainder being stored in  the body.  These  statements hold  true 
for other similar trials of which the experiment presented may be 
regarded as typical. 
TABLE I. 
Rabbit 28,  Weighing 2,roo  Grams,  Was Given  Water  Without Food. 
Urine. 
Date  Water 
•  Total  Chloride as  Remarks. 
(z9xz)"  intake  Volume  Specific Reaction to  nitrogen  sodium 
m c.c.  in c.c.  gravity,  litmus,  in grn.  chloride 
in rag. 
July 22  70  55  I.o25  Alkaline  0.60  40 
23  o  40  I.O2O  Acid  0.50  20 
24  50  60  1.010  Acid  0-54  Trace 
25  85  80  I.o15  Acid  x.o2  I2o  Injection in ear vein of  5( 
e.c. sodium chloride-ure~ 
solution  in  20  rain.  In. 
jected  45o  mg.  sodiurr 
chloride.  Injected o.531 
gin.  nitrogen.  No  bac 
symptoms. 
25  io  48  I.oi5  At the end of July 25 ani. 
real  was  placed  in  per 
and well fed. 
30  2o  30  Lo34 
3I  50  46  1.o2o 
Aug.  I  45  3o  1.o22 
2  II 5 
3  60 
x96  1.oi2 
30  Lo3o 
Acid  0.50 
Acid  0.49 
Acid  o.6I 
Acid  o. 18 
Acid 
Acid 
1.24 
o.55 
4o 
30  Placed  in cage again with. 
out food. 
Trace 
80  Subcutaneous  injection  o~ 
o.5 gin. tartaric acid new 
tralized with sodium car. 
bonate, in  I5 c.c. water 
Urine  contains  protein 
640  Injection  of  same amoum 
of  sodium  chloride-ure~ 
solution  as  on  July  25 
Urine  contains  proteir 
and  many  casts.  Urim 
light colored. 
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Histological Examination.  Kidney.--There are  many granular  and  hyaline 
casts in the cortex, and a few in Henle's loops, but only a moderate amount of 
vascular degeneration of the epithelium is present.  There is no distinct necrosis. 
There are no changes in the glomerules.  With Sudan III there is a  faint yel- 
lowish staining of the vacuolated cells, which are mostly in the deeper part of 
the cortex; distinct fat granules are found in only a few of the loops of Henle. 
In  the  second part  of  the  experiment  it  would  appear  that  the 
subcutaneous  injection  of  sodium  tartrate  leads  to  an  unduly in- 
creased output of sodium chloride.  This result was not obtained in 
all  the  observations.  That  sodium tartrate did  exert  an  influence 
upon the kidney structures may be concluded  from the marked re- 
duction of the nitrogen output.  This diminution cannot be ascribed 
to  lessened urine  volume.  Despite  the evidence of an  effect upon 
the kidney, after the  second injection of the  sodium chloride-urea 
solution  there  is  very  little  indication  of  any  abnormality  in  the 
elimination of these compounds.  This may 'be explained, however, 
by a  glance at the histological report  of the  kidneys under discus- 
sion.  It is there apparent that the tubular epithelium was damaged 
to a  limited extent only, hence the practically normal excretion of 
the  substances  introduced. 
This behavior of the  fasting animal after  intravenous  injection 
of the sodium chloride-urea solution  (table  I)  finds duplication in 
the data shown in table II.  However, when one inspects the results 
obtained  under  similar  conditions  with  the  animal  in  a  state  of 
typical tartrate nephritis,  an entirely different picture  is  presented. 
It  is  evident that  the  administration of  the  tartrate  rendered  the 
kidney  almost  impervious  to  nitrogenous  compounds,  but  not  to 
chlorides.  The  small  volume  of  urine  excreted  may account  for 
this  in  a  measure,  although it  is  quite  apparent  that  the  ratio  of 
chloride to nitrogen is very much greater than that found in normal 
conditions.  After  the  introduction  of  the  sodium  chloride-urea 
solution,  the  volume  of urine  secreted  was  not  abnormally small. 
Although a  large proportion of the sodium chloride injected reap- 
peared on this day and was more than accounted for on the follow- 
ing day, only an e.xceedingly small amount of the introduced nitro- 
gen could be demonstrated in the urine.  Even on the next day the 
nitrogen output was not more than one half that previously given F. P. Underhill,  H.  G.  Welts,  and Samuel  Goldschmidt.  351 
out before the tartrate  administration, although the  urine volume 
had regained the level seen during starvation alone. 
TABLE  II. 
Rabbit 3I, Weighing 2,2o0 Grams,  Was Given  Water  Without Food. 
Date 
July 22 
23 
24 
25 
26 
3o 
3x 
Aug.  I 
Water 
intake 
in c.c. 
4 ° 
85 
IO0 
IO0 
95 
2O 
80 
75 
20 
?olume 
in c.c. 
6o 
73 
80 
x25 
9 o 
6o 
70 
8 
3o 
64 
Urine. 
Specific  ?~eaction  to  Total 
gravity,  litmus,  nitrogen 
in gm. 
x.o25  Alkaline  o.7z 
Loio  Acid  0.59 
i.oio  Acid  o.68 
I.o2i  Acid  I.I9 
x .oo8  Acid  o.67 
i .024  Acid  o.63 
1.028  Acid  0.65 
Looi(?)  Acid  o.oi 
i.oo6  Acid  o.09 
i.o2o  Alkaline  0.29 
38o 
210 
as  Remarks. 
Injection into ear vein of 50 
c.e. sodium chloride-urea 
I  solution in 20 min.  In- 
jected  450  rag.  sodium 
I  chloride. 
Injected  o.53I  gm.  nitro- 
gen.  No bad symptoms. 
At  end  of  this  day  the 
animal was placed in the 
pen and well fed. 
Placed in cage again with- 
out food. 
'Subcutaneous  injection  of 
o.5  gm.  tartaric  acid. 
neutralized with. sodium 
carbonate  in  x5  e.c. 
water.  Urine  contains 
protein. 
Injection  of  same amount 
of  sodium  chloride-urea 
solution  as  on  July  26. 
Urine  contains  protein 
and casts. 
Histological Examination.  Kidney.--There is  severe necrosis involving every 
convoluted tubule,  with  practically  complete necrosis of all  the epithelium  of  the 
tubules.  The  lumina of all  are  entirely  occluded  by swollen  necrotic  epithelium 
and  casts,  or  the  intermediate  steps  in  cast  formation.  The  glomerules,  inter- 
stitial  tissue, and  collecting  tubules  seem normal.  With' Sudan  III  there  is  con- 
siderable  diffuse  orange  yellow  staining  of  the  degenerated  cytoplasm,  with 
occasional  well  defined  fat  granules. 
The interpretation of these results becomes clear when the histo- 
logical  report  on  these  kidneys  is  reviewed.  According  to  this, 
the only structure in  the kidney that  has  been  seriously damaged 
is  the  epithelium of  ~he  convoluted tubule,  which is  entirely  ne- 352  Renal  Secretion  During  Tartrate  Nephritis. 
crosed  (figure  I).  The  small volume of urine on the  day of the 
tartrate injection may be explained by the difficulty that a  solution 
would experience in passing through the lumina of tubules entirely 
occluded  with  swollen  necrotic  epithelium  and  casts.  From  the 
data  presented  in  table  II,  taken  in  conjunction  with  results  ob- 
tained  from  the  histological  examination  of  the  kidneys,  one  is 
justified in the conclusion that normally sodium chloride and water 
are  eliminated  through  the  glomerules  and  that  the  convoluted 
tubular epithelium is concerned in the excretion of urea.  These ex- 
periments therefore confirm the older observations which have led to 
the conception of a  dual mechanism in  urine secretion.  The  data 
here presented afford no support  for the theory that the two struc- 
tures reciprocally perform vicarious functions; at least it is demon- 
strated  fairly clearly that the vascular mechanism cannot take over 
the function of the tubular epithelium. 
A  somewhat  less  perfect  exemplification of  the  ideas  recorded 
above may be seen in table III, although the general result obtained 
points  decidedly in  the  same direction. 
TABLE  III. 
Rabbit  47,  Weighing  1,84o Grams,  Was  Given  Water  Without  Food. 
Date 
(~9x2). 
Dec.  I4 
z5 
I6 
17 
18 
Water 
ntake 
n  c.c. 
O 
25 
70 
o 
125 
Urine. 
Volumeinc.c. 
80 
50" 
Few drops 
60 
90 
.  •  I  Reac- 
)pee.lfiel  tion to 
I.o3o  Acid 
I.O4O  I Acid 
Acid 
I.oIo  Acid 
X.OlO  Acid 
Total  [Chlori¢ 
nitrogen I sodaiSr 
m  gin.  ehlori( 
in mg 
O.34  65 
0.9I  5 ° 
]0.23  240 
]0.57  225 
Remarks. 
Subcutaneous  injection  of 
2  gm.  tartaric  acid  neu- 
tra!ized  with sodium car- 
bonate. 
Injection into ear vein of 5o 
e.c.  sodium chloride-urea 
solution.  Injeeted45o mg. 
sodium chloride.  Injected 
o.53 r  gm. nitrogen. 
Diarrhea. 
Diarrhea. 
Histological  Examination.  Kidney.--Most  of  the  distal  convoluted  tubules 
have lost their  epithelium.  The epithelium which still  persists in  the convoluted 
tubules  is  low  and  atrophied,  with  small  deeply  staining  nuclei.  There  is  still 
considerable  necrotic  epithelial  material,  most  of  which  is  hyaline.  A  few 
glomerules  contain  some precipitated  albumin. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVIII.  PLATE  21. 
FIG,  I. 
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SUMMARY. 
After  the  intravenous  introduction  of  a  solution  containing 
sodium  chloride  and  urea  into  the  rabbit  during  pronounced  tar- 
trate nephritis,  all the chloride reappears  in the urine within  forty- 
eight hours.  On the other hand,  the nitrogen  of the urine  remains 
far  below that  usually  eliminated  by the  normal  animal  under  the 
experimental conditions;  in  other words,  little  or none  of the  urea 
injected  is excreted by the  kidney. 
In  the  light  of  the  histological  findings  these  results  are  inter- 
preted  to  mean  that  under  normal  conditions  chlorides  and  water 
are  passed  through  the  glomerular  mechanism,  whereas  urea  be- 
comes  a  urinary  constituent  by  way  of  the  convoluted  tubules. 
These  results  constitute  a  direct confirmation  of the older observa- 
tions  of  others  concerning  the  elimination  by  the  kidney  of  the 
substances  under  discussion. 
No  evidence  was  obtained  that  the  glomerulus  may  take  over 
the  function  of the tubular  epithelium. 
EXPLANATION OF PLATE 21. 
FIG.  I.  Rabbit  31.  Section of  kidney.  Magnification )< II0. 
volving every convoluted tubule.  The glomerules are normal. 
Necrosis  in- 